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1. Introduction

*Before the advent of the small, hand-held calculator, some large-scale

computer systems with multi-terminal operations included software for simple

*routine calculations 1. Indeed, such programs were also available for single-
2-4

terminal minicomputers . The small, portable calculator virtually replaced

such programs by the mid 1970's. Today, the existence of inexpensive multi-

terminal mini-computers, with true multi-programming available to users at their

desks, and the security problems involved with small hand-held calculators have

combined to make calculator simulation programs again attractive. Furthermore,

the rapidly increasing capabilities and speed of today's minicomputers, and

the decreasing cost of terminals, make it possible for such programp to compete

favorably with hand-held calculators, particularly in a multi-programming

environment. In addition, specialized "functions" can be included very easily

in such software.

The program CALQ8 was written to fulfill a need for day to day arithmietic

calculations performed In a solution chemistry laboratory. The environment in

which this program was developed, tested and is used, includes a Hewlett-Packard

Model 1000 minicomputer with an RTE-4b operating system, 128K-words of central

memory, a 15 megabyte floating-head disc drive and six terminals. A terminal is

generally located in the laboratory space of a given worker and the program

CALQ8 is Immdiately available to him by typing "RUN,CALQ8".

The chief advantages of CALQ8 over a hand-held calculator are (1) it is

implemented on an existing computer system used for on-line experiments and

other programs, (2) it is readily available in the laboratory environment, and

(3) the power of the minicomputer makes file access and incorporation of other

features easy. Advantages over previous programs of this sort include (1)

increased speed and availability due to hardware improvement, (2) coding

in FORTRAN~-IV for ease of modification, (3) very flexible "help" capabilities

built into the program, (4) extensive variable assignment and labeling, and

(5) a very extensive collection of functions and operations.

Manuscript submitted September 19. 1980.



This document is designed to be a user's guide as well as maintainence

manual. The extensive help features of the program obviate the need for many

examples to aid the user in implementing the program.

2. Features of CALQ8

CALQ8 is written in FORTRAN-IV and makes use of some of the Hewlett-

Packard extensions5' to that standard language. It is designed to solve basic

computations with the same ease as a pocket calculator. However, the access-

ability of such a program on a computer makes computations much more convenient.

In addition, CALQ8 makes use of the system's capacity to perform a variety of

functions not normally found on pocket calculators.

* CALQ8, as written, uses memory with a capacity for 26 one-letter variables.

If a variable is undefined and used in an equation, its value will be requested.

If a variable has been previously defined, its value will be printed and then

entered into the computation. For variables consisting of more than one letter,

their values are requested but not stored. If a line consists of a multi-letter

variable which begins with a V1, the line wilIl be 'repeated and the variables within

the line redefined (except for one-letter variables to the left of the V-variable)

until ST is entered. In this way a formula can be used repeatedly.

Multicharacter variables may be one-time variables, but may also be the

result of an input error. Any portion of an input line not recognized as a

number, symbol, or function is considered a variable. In this way, if there

is an input error, the computer will ask '"WHAT IS" the portion in error, and

only that portion need be clarified, not the entire line. This presents a great

advantage over pocket calculators in that many input errors will be identified,

thus reducing the possibility of a calculation error. Examples of these and other

features are shown in section 8.

CALQ8 allows the user to see previous calculation inputs and outputs

on the terminal as well as to use the previous two answers in a calculation

as MIS and ANlS'.
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SUM and AVG functions allow the user to sum or average many numbers or
the results of any number of lines of computation. These lines may consist of a

* single formula used as above or may include variables, functions, and operations.

One useful feature of CALQ8 is that no answer to a question or entry need be

a single number. In each case a calculation, and, in most cases, a variable can

be used. Even a function, such as LOG,a,x, may have entire expressions as

arguements 'a' and 'x', or may include variables, as only the coummas or paren-

theses will distinguish the extent of 'a'.

Up to ten parenthetical levels may be used by entering any combination of

parentheses, brackets, coimmas, or the absolute value function, or answering a

"WHAT IS" question. The program can easily be modified to include many more

* levels by changing the DIMENSION statements and the error message. A full range

of trig, log and other functions is available and the program can easily be

modified to include any function left out.

A "help" feature displays formats and definitions of available functions

and operations, as well as other helpful information. More detailed information

is also available about variables and error messages by properly responding

to the program's querry at the end of the initial descriptive information. This

information is available at any point during execution by typing "$L" in response

to the CALQ8 prompt.

A repeated formula or "subroutine" capability allows the user to make

repeated calculations using the same formula.

These features of CALQ8, combined with the fast calculation and decoding

features of compiled code make CALQ8 both easier to use and faster to execute

than BASIC or other interpreters. In addition, CALQ8 is likely to be a useful,

more capable substitute for hand-held calculators in an environment where a

computer system is available.
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3. Accuracy

CALQ8 is accurate within the limits of the single precision accuracy on

whatever system it is being used. It was developed on an HP1000 system which,

as for similar systems, would give CALQ8 an accuracy to six or seven digits,

depending on the magnitude of the leading digit in the mantissa, and allow

numbers ranging from approximately 10
-38 to 1038.

4. Limitations

6 7
CALQ8 uses two Hewlett-Packard Library routines, RMPAR and CODE . All

Hewlett-Packard 1000 systems running FORTRAN-IV will have these subroutines,

and, on many other systems, similar routines may be substituted with slight

modifications to CALQ8. Non-HP systems may provide similar routines.

A call to RMPAR is used to retrieve the user-terminal logical unit (LU)

number in a multi-terminal environment. The array, IPRAM, receives the para-

meters passed by the system in the "run" string, and IPRAM(l) is assigned the LU

number, used throughout the program for reading and writing. This is standard
7

procedure on all Hewlett-Packard 1000 systems . On systems without this

feature, however, the user should replace the DIMENSION IPRAM(5) and the three

lines following the last DIMENSION statement with another method of determining

LU or delete these lines and replace LU with a number if CALQ8 is only to be

used on one input/output device.

CALL CODE is used twice in the program. The first time, after statement

number 830, it is used to pack the characters IST to IM of LINE into the array

IPACK. IPACK is then ready to be read, free field, as RNUM, using another call

to CODE. The call to CODE allows an array to be read from or written into as

if it were an input/output device. On systems in which CODE is not present,

there may be another similar subroutine which the user may want to implement,

or one may be created.

A further limitation of the program on other systems is the " " symbol at

the end of some format statements used throughout in order to suppress the line

4



feed after a write statement. Most non-Hewlett-Packard systems use a

carriage control character at the beginning of the FORMAT statement to

accomplish the same function. In most cases, the use of this device is

not essential and the user may ignore it, except in writing the answer

when this symbol is used several times to join portions of the written

statement.

The limitations of the number of parenthetical levels allowed, and the

maximum lengths of numbers and of lines may be easily changed by changing the

DIMENSION statements to make arrays of the desired size and then altering the

error messages accordingly.

None of these limitations should present any problem in adapting CALQ8 to

other types of systems Fortran IV.

CALQ8, as written, uses memory with a capacity for 26 one-letter variables.

This can easily be doubled by using lower case letters also and changing the

number 26 to 52 in the DIMENSION statements and DO LOOP 20. With a few minor

alterations, two letter variables can be used, increasing program "or"

to include 676 or 2704 variables.

5. Source Availability

A source of CALQ8 will be supplied on request on user-provided HP

cartridge tape.

6. Program Logic Flow Description

CALQB is designed to solve basic arithmetical equations in the least

amount of computer time and with a minumum of memory space. An eighty character

input line is read into an array (LINE) of eighty one-character words which is

examined character by character to evaluate a line. Section 9 shows, schematically,

the program logic flow described in this section. Section 10 contains a list

of variables used in CALQ8.
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After initialization, the first ASCII character, LINE(l), is examined

in its octal form (as shown in section 9 after entry point I) to determine

whether it falls within the range which would designate it to be a numeral.

If it is a numeral, the computer increments I (the place in LINE being examined)

by one to repeat the process with the next character. IST is equal to I before

the loop is entered, and when a value for LINE(I) is found representing a

non-numeral, the variable IM is set equal to this value for I, thus IM and IST

define the beginning and finishing points for reading the number from LINE.

The process for reading the number, as seen after entry point M, utilizes

the Hewlett-Packard routine CODE: first, to write LINE(IST) to LINE(IM) into

IPACK, packed in words of two characters each, and then to read IPACK in free-

field format to get the number, RNUM. This process is not used if the number

is represented by a symbol or variable name. For instance, if there is a W

symbol (which represents it) it is initially tested to see if it is a

KSNFU function until the next operation symbol is found when it is identified

as a constant symbol, and RNUM is set equal to the corresponding value, (in this

case, 3.141593). At this point, entry point M is bypassed and the program

proceeds at N. If, following a search for one-argument functions, the word is

not identified as a constant symbol, it is considered a variable. Any input

error not recognized by the program also falls into this category.

Detection of a variable causes branching to entry point L after which there

is a search for specially treated functions. If a variable name consists of

one letter, its corresponding value, when found, is stored in memory. One-letter

variables are identified and stored by converting the variable name to a number,

LE, from 1 to 26, which is used as a subscript in the array, V. If a one letter

variable has been previously defined, its name and value are printed, RNUM is

set equal to that value (V(LE)), and the program continues at point N. If the

variable has not been used before, its corresponding IV value is equal to 888

(meaning inactive, as opposed to 777 which represents an active value for a

flag) and it is treated like a multicharacter variable, as explained below,

except that the flag, ISINGL, is activated and the value is stored after point

Q. After this, as with all other types of variables, the program resumes at N.
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If the variable is being defined in the format "x..,LS is set equal

to LE so that, after the program proceeds from point I to write the

answer and return to point B, the value is stored.

In the case of all unrecognized variables not being defined, a question

is posed as to what the unknown characters represent. This question only

covers the portion of the line in question and therefore is highly specific.

This can be very useful in correcting errors as the entire line need not

be retyped if the portion in question can be adequately described. LINE and

KSNFU are saved as IWHAT and KWHATF so that they may be used in reading the

the next line which the user enters after the program picks up at point E. Since

J does not equal one, however, the value for this line is not output at entry

point R where the answer is listed, but the program branches to Q as if the

entire line had been in parentheses. The indicator IALPHA represents the value

of J (parenthetical level) at which the question was posed and at which the value

ANS is determined when LINE, I, 12, and KSNFU may be restored to their previous

values. RNUM is set equal to ANS(J+1) as the program resumes at N.

If a multi-character variable begins with a "V", LOOP is activated so that

after point C the logic flow continues at F, bypassing the READ LINE, so that

the same line is used continuously as the same questions are repeated and the

values computed. The loop can be broken by entering ST which causes branching
to A.

Paret. -A.cal levels of up to ten may be reached. J is incremented by

entering a "(" or a first "1". This is recognized after point I, and J is

incremented by 1, returning the flow to point I. A closing ")" or a second

11 or "," is treated like an end of line, recognized at point K, causing KADSB(J)

to be set equal to 98 so that, after entry at statement 980, execution proceeds

at statement 990 at which, if there is a parenthetical level higher than one,

the program resumes at Q instead of R. There the value for ANS(J) is used

to determine RNUM, and the parenthetical level is lowered by one. Of the three

possible paths that may be taken from entry point Q, the one taken in this

instance is that of activating ISKIP (ISKIP 777) before resuming at point I so

that the number reading process is bypassed and the already computed value for
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RNUM is retained. Another possible path from Q is that used in LOG,a,x functions.

If LOGFU(J) is activated by one of these functions, the two commas are inter-

preted as parentheses so that any number, variable, or calculation between them

yield a value for ANS(J+I). This value is used for BASE as the program resumes
-1

at point H to read RNUM and convert it to the log a, or log a function of

RNUM (depending on the value of KSNFU).

The value for a one-argument function of RNUM is assigned to RNUM after

N if KSNFU(J) is activated after point K. If a symbol is not recognized as

an operation, it is tested to see if it is a one-argument function such as

SIN, LOG, SQRT, ACOT, etc. If it is one, KSNFU(J) is assigned a function

number so that, after the flow is sent to H, and RNUM is acquired after point

N, RNUM is altered according to the value of KSNFU(J). In the case of trig

functions there is a choice of whether to use radians or degrees. If not

previously specified, the preferred format, to be used for both input and

output is requested. This format may be changed at a later time by entering

DEG or RAD which is detected after point L, sets IDR accordingly, and sends the

logic flow to point D again. Once IDR is defined, it may either be inactive,

in which case the normal radian-using functions are unaltered, or it may be

active in which case any RNUM about to be redefined as a trig function of RNUM

is converted from degrees to radians and any output RNUM after a trig function

is converted from radians to degrees.

For all KSNFU(J) functions, the function symbol is found before the number

so that the KSNFU(J) value must be saved until the first RNUM at the same

parenthetical level is found. The first RNUM is equal to the first final

ANS(J+I) encountered. In the case of a factorial, however, the function

symbol occurs after the number, and therefore, a different method of calculation

is used. After the symbol (!) is detected, the flow proceeds to M and then,

after N, RNUM! is calculated.

Numbers and functions must be separated by one of the operations +, -, /9

*,**, and -. These symbols are searched for first, at K, from which, if no non-
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numeral characters between operation symbols are found, the flow continues at

M where the number between symbols is read. After point 0, the functions are

computed by heirachy, giving preference to exponentation over multiplication

and division which in turn are given preference over addition and subtraction.

This is accomplished by having separate flags and variables for each level.

At each level, there are at least two flags. There is a primary flag which is

activated when the symbol is detected. This is used to set a secondary flag

so that the next time the flow passes through 0 (when I is at the

next operation symbol and the preceeding number has been read) a

computation is performed. The order in the logic flow as illustrated

then determines the heirachy. In the case of multiplication and division,

represented by MLDIV, three variables are used: a primary 3-state flag,

MLDIV(J); a secondary 3-state flag, MLDIV2(J); and a third variable, RNO(J),

to hold the previous value of RNUM. The exponentation process also utilizes

a holder, EXP(J), which serves the additional function of a secondary flag.

Addition, subtraction, and equals functions make use of the 5-state flags,

KADSB(J) and KADSB2(J), which use ANS(J) as the value holder, as this is

the last category in the heirachy. If the operator is other than "f", the

flow is sent to point H.

If there is an equal sign or end-of-the-line function, the flow may be

treated in various ways. End-of-the-line functions are sent to point Q if

there is a parenthetical level higher than one. If J-l, and there is no

summation taking place, execution is sent to R where the answer is printed;

or if ISU (summation indicator) is active, SUM is incremented by ANS(J)

and N is incremented by one as the flow is returned to point D where the "+"

prompt appears. If there is an "=" function and there is a summation, the

summation ends and the answer is written at point R. If the "-" symbol is not

the first or second character, the symbol is interpreted as a continuation

symbol and another input line is expected without an intervening end of line

function so that a long computation may be continued.

At point R where an answer is printed, the various formats for different

types of numbers are used. First, it is determined if the output is a SUM,

9



AVERAGE, or N, in which cases it is specified. In all cases except N, numbers

greater than 103 in magnitude are written as + or - INFINITY, integers are

printed in 18 format, numbers greater than 10 7in E9.7 format, and all other
real numbers in F9.7 format. If IAV is active, the sum is written first and

then there is a return to 1110 to write the average. This last answer is

saved as AS, and any previous value for AS is saved as AS2, both of which

are used f or giving values of ANS and ANS' respectively as constant symbols.

From here, the flow returns to point B for initialization and to read in a new

line.

7. ACKNOWLEDGM4ENT

The authors wish to acknowledge the administrative contributions of the

Gifted and Talented Internship Program of Fairfax County Virginia which made

it possible for one of us (Daniel F. Birn) to participate in the ongoing

research of the Naval Research Laboratory and which made development of this

computer program possible.

10



8. REFERENCES

1. For example, CALCTRAN, a calculation-translation program for the IBM-
360 Computer, a limited distribution program, available on many IBM

computer systems in the late 1960's.

2. A. K. Head, "HEP(PAL) PDP-8," Hep. DCS DECUS8-155, ACM Computer Programming

Dir. 106, 1971.

3. J. D. Larson, "FOCAL FORTRAN-CALCULATOR," XDS 900-03.9.002, ACM Comp. Prog.

Dir., 252, 1971.

4. a. Hewlett-Packard LOCUS library program HP 22084B Revision 16.10.71, "Inte-

grated Matl' Calculator Program."
b. "Estructura de un Simulador de Calculadora Anologica (CAN), Revista

de Informatica y Automatica 11 37, 1978.

5. RTE FORTRAN-IV Reference Manual, Hewlett-Packard Co., 1979, Appendix D.

6. DOS/RTE Relocatable Library Reference Manual, Hewlett-Packard Co., 1978,

4-29.

7. DOS/RTE Relocatable Library Reference Manual, Hewlett-Packard Co., 1978,

3-23.

i1



9. SAMLE PROGRAM DIALOG
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10. FLOWCHART -INTITIALIZATION AND READING OF INPUT LINE

a 
srt

Initialie
variable

A deactivate
question
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FLOWCHART (CONTINUED) -SEARCH FOR NON-NUMERAL CHARACTERS

begin line

(secondary initilization)

G --- .tertiary Iitiliation

ISO

reset word beginning

ISO

set IM.18,12.K2

- LINECI)
part of a number or YQ

a single apace,

LOAMMA Inactive,

an opening K

15



FLOWCHART (CONTINUED) - SEARCH FOR FUNCTIONS, CON4STANTS AND VARIABLES

ttooto LIAN. N EM fod fucinan o AD11t

RNUM .. ,AS~r A82respcttvee

N Lf

Sao8FUJ Is not led activet Yoe IsJ
active? ?eiw

AVGactivate LSettAeis

I~&I
ia~?

*t~Yoe

LOG...o
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FLOCHART (CONTINUED) -VARIABLES

L -~ < w ord or ' '~f

o r

l eat for DEG3 or RAD and set ;e
IOR:???7 or 88 respectivelyD

if LINECIM) is
Inactivate IFACTO
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variable yes ELlElT) 61615
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INASS1.02 wris'WAwite:' xan
IALPHAJ wrt IA77RNUMRV(LE)

j3j#1 inactivate IALPHA

write:*TYPE SL for KADSISM80u
list of functlofls.OT tol LSxLE

en(IT18*
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FLOWCHART (CONTINUED) - READING AN4D COMPUTING RNUM

to IKpacie fo

an ys IFACK and toPH readVO

toMS gettiv RNUMAN(
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I
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000activatewriKe:
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FLOWCHART (CONTINUED) -HIERARCHY COMPUTATION

M1if VX(J)0
2: ANS(J)Ain(active.

NRNUM=EXU(O
deactivnt ERatiat writgSUM

incivt INEPJ and seISUJ=R actie?
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FLOWCHART (CONTINUED) - PARENTHESES REDUCTION, WRITING OF ANSWER

set KSNFU(J)25 or 26 Is JzIALPNA ?P activate ISKIP

dectvaIALPS

inactivate LOGFU(J recopy 1.i14E from IWHAT

recopy KSNFU from KWHATF

if ISINGIL Is active:

LEALINE(ISINCL)- 16416)/256 -N
Inactivate iSINGL

VCLE)=RNUM
activate IYCE)

wie ASAoraefra

write

and deactivate
iSu

deati2 t IsEeatvae A

20 cie rt:AVRQ_



11. CALQ8 Variables

AB= ABS(ANS(J))

ANS(10) = computed answer after going through KADSB2 computation

after statement no. 980. (J) is parentheses level.

AS = abbreviation for ANS(J) and conserves value for AS2

after average computation.

AS2 = previous AS used for ANS' function.

BASE = log base a in LOG,a,n and ILOGa,n functions.

EXP(10) = number which is an exponent or -9999 indicating

inactivity.

F M number multiplied by (L:Lf1,RNUM) to get factorial

I = subscript for LINE(1).

12 = I+1 except when 190 loop has been passed through

several times in succession in which case any "-" will not

be part of RNUM number.

IALPHA = value for J at which IWHAT was filled and at which LINE

will be computed as RNUM and replaced by IWHAT.

IAV = indicator of whether average of sum is to be taken.

IDR = indicator of whether trig functions are in degrees or

radians.

IERR = indicator of whether "What??" question has already been

asked.

IEXPFU(10) M function indicator for exponentation.

IFACTO = function indicator for factorilization

IHASSL = memory of where 12 was when LINE stored in IWHAT.

IM W place in LINE where number or word ends.

INVEXP(10) = function indicator for deexponentation.

IPACK(5) W arrary into which LINE(IST,IM) is packed in 5A2 format

for reading RNUM.

IPRAM(5) M array used in CALL RMPAR to find LU number.

IS W preserved previous value of 12 to see if first character

in number.
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ISINGL = indicator of where single letter variable is or if non-

single.

ISKIP = indicator to skip number computation as value has been

found.

IST M indication of where word or number begins.

ISU M function indicator for summation.

ISWTCH = memory of where I was when LINE stored in IWHAT.

IV(26) = indicator of which single letter variables are

undefined.

IWHAT(80) = storage of LINE when "WHAT IS" question is being

asked.

J= subscript indicating current parentheses level.

K = LINE(I) (abbreviated name)

K2 = LINE(I+1)

K3 = LINE(I+2)

K4 = LINE (I+3)

KADSB(10) = function indicator for addition, subtraction, =, and

end of line.

KADSB2(10) = secondary indicator for KADSB(J) to execute function next

round.

KSNFU(1O) = function indicator for all trig and other one-arguement

functions.

KWHATF(10) W copy of KSNFU when "WHAT IS" question is being asked.

L M miscellaneous DO LOOP subscript, and question response

indicator.

LE M numerical representative from 1 to 26 of single letter

variable

LGAMMA = marker of whether and where variable exists.

LINE(80) W array in which line to be computed is stored.

LOGFU(10) M function indicator for 3 different log functions.

LOOP W indicator of whether repetitive use of LINE is in effect.

LS indicator of whether and which place in V(26) AS is to

be defined.

LU = terminal number as computed in CALL RMPAR.
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MLDIV(IO) = function indicator for multiplication and division.

MLDIV2(10) = secondary indicator to execute MLDIV function, specified

previous round.

N = indicator of how many entries have been summed (also used

to compute average).

RNO(10) = previous RNUM in MLDIV computations.

RNUM = number presently being worked with to get ANS(J).

SUM = sum of AS values for lines which were computed under sum-

mation function.

V(26) = memory for single letter variables.

X = abbreviation for SQRT (1-RNUM**2) used in computing arc

sin and arc cosine functions.
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12. PROGRAM LISTING

000i FITN4,t.
002 'OR1CAL L399 5~V - 2 0 3B~

303 AN17L BIRN

ic RCT ECE0 UPDATE. THURSDAY, 0~(uT2,130

J~i MIN3IN .~Ar(S)LINE48O) !WdAT(Sd) 1PAC(S)
O~ii DIMESION ML YA0ig,hLDIV2U10),±XPFUti0gEXU) NUi

l012 DIMENS6 DS 0)<DS21OAS(C KNI),ATF(OG
3013 UNSION Y(26, :v6),LFUUO)NEX (10)

-10 ,4 CALL WAR(PRA4
f"d ULE, ),"U~i

00± 4 RITE(LU,!Od
HIS 2- F:RIAT( ENTER ZALULATO)
H09 UiITE(LU,7Zib
0 020 R 8
1022 u-3
.302
302 '= 99

W16S 13NGL= 771
c or ,ELGV4R=888

46329

306i I-. =

0052 O Vd(Lb-ae

1034 3G vRITErLU,40U'
0035 46 rURtATL' L2NE TOO LXN. -7?IiACESIS ~~U'
0036 SO :7CP =88
Idiz7 :u A~

303b F,LSEG.999',r' TO 70
3039
0040 ;())77
0041 c=9
0542 70 ;L1 AhMA=999
0043 iALPHA=999
0044 !FACTO:888
0045 IJ'Tt)P=O

0047 83 LOGFIJ(L -6
3046 17(LOOP EQ.77)GO TO S
0049 90 Nl~SU.HE,7?77)GO To ito
0030 41RTELU,100)
0051 100 FORMAT(' + 1)
0032 ;0 TO ±00
30i3 11 AAV2888
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U 2 CaLwS 11: 47 AMl TWU, '0AG, 4?S'

8J0S6 WRITE(LJ ,i2lJ)

005 Sa 0 READ(LU i41)LNEV
3059 140J 70RHAT(idomi
0060 FiLINE(S0iNE,23J40e)r.0 TO 3
H61O TO '60

i062 iso a00p=888

J665 ;-It 888
0066 174 ,D'J~
3867 hLD7V2(J)0. 0-(1W883

0070 KADS82(J) 0
00,01 iVEX0U)-=886
007' -IGAMiA499
J0 7 3 i i ;T-1+i
0074 090 L'-t+t

K=LINE(l)
3676 rU CI.T,7?)G^ TI 30
v0i r:.'K GE.30043BAND.K.L2,3174440B),OR.XEci.
079 t.AN,84 MM.0B?9)G TO (E,648 AD.0E,2AfDIKIoE9

1601 S-12
as,2 I+1
.3063 K.2; INE(I2)
3084 7< E 0T 200

0387 230 KADSB(J)=l
Joes iF(KE.24440,RK.2Q,5644ODB,oRK 4Q7644I)~~
046 i(KEQ.26040B.ANDj. TLi.AND.LOGFU(Ja-0,NE.8 3): o32±3
039 7FKN20f0,N.,T ) 0 T 220
4091 :Fi'K2,NE.20Q40BtGO TO 100
W02 6*R:,NE,,)GD TO 210
8893 1I TOP:ISTOP+l
0894 .7(IcWTOP.GE,3)G0 TO 1249
)0917 IrF(ISTOP,EQ.1)WRITE(LU.209)
309S '09 FORMAW( WAITING FOR IMPUTI)
407 7FISTO?.E9,2)4RITE(LU,208)
108 4-36 FORMAW' GOING!')
0097 GO TO 90
0100 2±0 KADSB(:)=98
1101 GO TO 600
3102 229 IF(K.NE.7660B)GO TO 230
0103 iF(KSNFU(j-i),EQ.20)GO TO 21
0i34 K3xFU(J)=20
8105 GO TO 240
0106 230 IF(K,NE,24040B,AND,K,NE,554408,AND.K.NE.7J5440B)GO TO 260
0107 244 J+i
gi-,8J iF(JLE,±0CGG TO i170
La0? WRITE(LU,250)
OJ16SO 25 FORMATW T30 6ANY WU - NIE IS MAXIMUM')
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PAGE J63; CALAO i:47 AM THU. , 28 AUG., 15-0-

OM 260 ~~iS(. EQ. I6. AND .KN.34BG LGOr270
)ic ADS3(J)=99

111 Fr(KEQ.25440B8KA0SB(J):i
0 1 lF(X.Eq,2644OB)KADSB(J):2
oi~o IAMM(J.1E.3)GO TO 6Vu
0121 (E9.S70i4P)GO TO 290
li22 r(K NE 37040B)GO TO 280

0124 -"O0 Tf 90
Jis 1 ITINGUISHES BETWEEN I ~T1i)AND *I ;EXPEPENT) it

0126 2 ~80 J(LKNE.253040B)GO TO 310
Oicz7 lF4.2.iE.25C46B)GO TO 360
H±23 1 I1'

0~ ~~a 0 0 OT 600
33 -00 ALDIV (T)27

31,:$4 LOWN FOR ". %*DILDE~ft
0 ";4 310 4 7(X .NE. 2740B)Q GO 7 -20

.436 3 GO1 600
Z-60 JL 1(GAMMA.AE.;?99)GO Ta 151

9i33 330 U1(LINE(IST) ,EQ,2'0G40E)I3ST^1 +
0139 (K..NE-13446B)O TO 340

OM4 FACT0:77"
01.41 fc .O 790
.31i2 40 YF(I-NE.IST)GO TO495

%'44 FtKSNFU(J. NE, )GO TO 490
0145 1(K.Eg,41i4B,.ND.X2.EQ.4-4403AND,

8146 -'3,.i44D)K'3NFU(j):8
114+? IFKEQ,44440B.AND,X2.EQ~.47040B.ND0148 +K3,EQ.5304Qb)K3NFU(j)=30
0149 -r(K3,NE.47046BDG0 TO 3M

5'1C4 30 IN(K , Ei.4240B.AND.42,EQ,40440B.A(NU(J E):9 FUj)

0153 rF(K.EQ.S14400,ANO.K2,EQ.424408,AND,K3,EQ,4i4402)KEPF'(*)-14
01.54 MFK EQ ,414A0BAND.K2,E,4744DANDA3.E.52!040)S'NFU(Th1ls
0155 IF(KRNU(J.NEO)GO TO 438

±5? IF(K.NE.S144OB)GO TO 380
0 138 :F(K2,ME.S04408.OR,3.NE.
0159 -5iO43M.R.K4NE.32940B)GO TO 370

0161 '0 TO 437
oibsZ M7 iF(K2.NE.52440B,OR,K3.,iE,46440B."R,NE,.±)GO 7C 330

rl'', ic =777

Qi535 F(KNE,.'4044GE.GR,,',,NE,S3Gd0EO;,K3.,NE,43.44)GO TO0 390
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PAGE 0004 CIAW^S 1li47 Al rHU,, 2a AUG.; 41:16

0167 iAYZ777

li9 Z?0 I-NCA6040)GO TO0 420
8:78 ieF(K2,.iE .4'744DD.O',,.X3?lE,434400i)Gt TJ 41:
8171 ;-F:4.NE,2b0Q00)G0 TO 400
017
Oil3 %CGFU (J) =777
0174 GSu T 2400 0 i 5 au AJ'FU(.7l:2Z
8176 GO TO 438
O'7 40 £(K2NE.47644B)GO TO 420
0178 KSNFU(J)=2i
A179 GO 70 439
0±80 423 '. (X.NE.44440B,OR.vK2..IE,46040D)GO TO 451
0Rai iF(K3.iE,474408.OR.K4,NE.43440)GO "0 44

8183 ~ +4
51434 LCFU QJ): =66
Dias G31TO 240
k±86 430 (xSNFUJ )24

0128 438 1 1~
R187 4J9 1=1+1
0090 Go TO 136
0191 440 :F'K3.NE.4704D2)0 TO 450
0192, <SHFUMM)23
R193 GOTO 438
O1K'-,4 458 .'F(XNE.4044OB)GQ TO 470
03195 J'42M~E.44GB)GO 10 460
0131 rF(K3 .EQ, 47446fiAMD ,K4.EQ. Si44CBV3SNFUQ):il
01,97 ± c(K3.EQ1448.AIDK4.EK2IKSNU(J):16
019 l 'X3.EQ. 47440 ,AND,44, rQSZ840f)xsNFu):i3

0 2JO 'L (MNE.470408)GO TO 470
02.)l i-K2.Eg. S444dB, AHD.93.ER. 44440B)XSNFU(J)=i0
0202 :FX.QSC0.N.3E.04BKtF()i
0203 470 lF(KSNFU(?).Eia)GO TO 437
0204 490 !F(I3KIP.ZQ.777)GO TO 190
020S iFQi,NE~i)GD TO 495
306 1FIX.EQ.22041B.ANDAM.
0207 6504419B.AND.93.EQ.52040B)GO TO 1250
0208 IF(K,EQ.2210408,AND.K2EQ.46040B)GO TO Sit
0209 4775 LGAMAfli
0210 G0 TO 191
0211 SOD URITE(L,S10)
0212 510 FORNAT(a Do 4o viqnl this liiec on nth printer or icreen?')
0213 READ(LU 520)L
0214 520 FORflAT(AL)
0215 IF(L,EQ.Si44ll)GO TO 550
4216 IRLNE.SBO44843 TO SO0
0217 4RITE(6,560)
6218 MRTE(6,Sa0
0219 WRITE(6,590)
0220 WRITE(6,540)
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'AGE 300S CALQG 11;47 AM THU., 23 AUG., 1760

022i 540 FORAT('i')
0222 GO TO 90
0223 550 WRITEiLU,S60)
0,4 366 FORMAT(' CALO8 FUNCTIONS ARE AS FOLLOWS:'/J225 " + ....... PLUS"'/
0226 " - ..... IU'

3227 +' '1V ....... TIMES"/
0228 '4 it" ........ DIVIDED 1Yi
022? " ') OR ". ...... EXPONENT'!'0230 I' SORTI ............ S4QUARE ROOT-/

3231 *" 'INV' ............ INVERSE';
0232 +' ') ............ rNVER'E POWER(i.e, x'(I/y))'/
233 ' SIN'X,COS'X,TANWX'/

0234 t' 'CSC'X ISEC'Xi COT'X TRIG FUNCTIONS OF X'
3235 ' ADD AN A' BEFORE THESE FOR THE ARC FUNCT'ONS 4'
0236 t" 1UMi ........... WILL SUM SINGLE NUMBERS OR'!
0237 " FULL COMPUTATiONS LINE BY LINE, USE 1=' KEY FOR ANSWER'/
3238 4' IAVG' ......... GIVES SUM WITH AVERAGE"/
0239 + .') kl ........... THE NUMBERS PI AND E RESPECTIVELY'i

+64 k' iw . . .. . . FACTORIAL',

0241 ' XI ...... ABSLJTE ALJE OF 'X' OR AN E PRESSIbN';
0242 ' (,,,)' ........... BRACKET3'/
243 +1 'LOG'X.'LN'X, OG,',X:LGi ,.UGe AND !OGa V..
.244 ' IiLOG' ,ILN"XILJG a AX iNVCRE UF ABOVE : UNX,1i4LS -E +' =r ' or.& ...... N' F SU3MAliON OR INE CONTINUED !
3246 " IT' .......... END PROGRAM'/
5247 +' Do you wan? -u find out aaout v'arables anc errors-' "/
0248 READ(LU 570)L
0249 570 FORMAT(A1)
3250 IF(L.EQ.47040B)GO -0 9
02s± oKITE(LU,580)
252 -80 FORMAT' Variables are used as follows:'/

025'3 +4 Any segence if characters wnicn are not recognized as a 'I
325 +fl function or number are made variables. This ilcludds '/
0253 +' improperly placed functions and numbers witn an accidental'i'
0256 e" ,otter 3eside or within. 'n !he case of an error, tne "/
0257 ' program will ask 'WHAT 13' tte sequence) after which tne'/
025b +' user should restate properly tie entire quoted air-ion of*/
0259 +* the line, in The case of an error entereo on thi sec3nd','
3260 +' attelt (the prompter this time being a 17'), a simpie"/
0261 +' 'WHAT??' is asued te which the user still has one last'!
0262 +' chance to enter an unerrored line after the P. If/
0263 +' another 'WHAT7?' comes back again (along with a brief'/
0264 +' instructory message), the user must aegin the line 'i
326S +' all )er again.'/
0266 i's However, this feature of CAL98 is useful for anotheri
0267 +' purpose -- thot of being a variable in on equation, If a '/
0268 +' variale of one letter fron A to Z is used, the value will'/
0269 ' be stored and can be used in any further equation, a,/
0278 + variable of this kind may De defined or caanged by entering'i
0271 ' 'Xx' for instance, If one such variable is usea 4n -in '"
0272 +' equation but has not been previously defined, the program',
0273 f' will ask for and assign its vaiue,'7
0274 i' f a 40riable or More than one character beginning withl
027S WRITE(LU,58S)
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AGE 14 -A68 11:47 AM HIU., 2s AUG., ?'30

067 KCS FORMAT(22X,"PRESS RETURN WEN 7IN110E READ14 ~
,,2'7
is7 REAW(LU W)

~230 WRITE(LU,5?0)
3281 --96 'CRNAW( a J' .s included in the lind, the Proqram will

0403 t~o ask for values for the vari~bies until 5Ti is pressed"/
d284 -and will continue to give answers for each cycle."Y
0285 t~Un-e-lter miriables in this i'ormat will only be treated!.1
K286 as such if tney are enterec aefore tne initiai utU
0267 ~ 'chcracter variaoie beginning with V'. Like for 15U.4 and'/1
C.88 a~ ny ather portion where vaiues are entered(including"/

U29 +1 tne D45 for LOG(a) I the entered Values for varlables/l
020 need not be direct nubdrs out Ally CORSISt OF I~ 4hoie lnE';'
-32?1 of ca"Putation.A/
0292 ~ ' :n such cases as well as an others it Aay be usefui to"./
0093 ~ uuse ANS as a variable which has tit value of the previous"/
OZ94 lne. A line is stared by entering IP4NS' fo r /1
MS9 0' exoap le. Also ANSI is usta to represent 4~e vialueui

3296 *' f tle line netore that -epresentea by 4NS.01
0257 GO TO 90
0211 u8 II .(IEI) Q20B)SITI
d2?9 1U(LGAMMA.EMM9?GO .T0 7'?G
G040,Gt A. NUfl20

0~2 :F(LILNE(:ST) ,EQ,2i14409)RNUMz3,l4i592'7
0303 i(LINE(IST) ,EQ.48040D)RNUMz-2,7!r8zoa
034 £YRNMINEO)GO TO 350O
330S .F(LINE(uST).,E4440BO.LNE(I"r+,),E.4'4D.2R.
0306 +LINE(l1ST+2LNME,144QB)GO TY 610

JS07 KUMzAS
0308 iF LINE(IST+3) ,EQ,23440B)RNUN:AS2

MO160 Yi (LiTNE,'ST).EQ.SJ440B,AND.LINE(U'ST+i).EQ .S20408)GU TO 1250
Ml1 if(LINE(1IST).Eg.5S4440B.ADL.'NE(ISTdi).EQ.S20403)GO7 O 5
93A :ri (L:NME(IST),NE.42040B.&R.,INE(USOT+I),E.424408,OnR,L.NE(IST+2)
6723 +.0C. 434443)GO To 621
0314 6DR=777

031b62 KO F(LINE(IST).AE.Si040D.3R.LINE(IST+i),NE.4044i,8R.
3317 AL1NE(1ST2).NE.4204B)GO TO 630
O.18 JR2888
3319 GJ TO 91
3320 630 1F(L1NE(1M),NE.2Q440B)G0 TO 640
,321 IFACTO7m

0323 640 iF(IST.NElN)GO TO 600
0324 LEmMLNE(1ST)-16416)/2S6
032S LF(iST.NE.I.GR.LINE(IST+1) NE,.644DB)GO TO 650
0326 KADSOCJ26
0327 L-L
0328 4 ST -1S T+ 2
0329 Go 1 190
0330 o5O iFIV(LE)E,777,A4D,.OOP.N4E,777GO TO 660
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PAGE 0007 CAL2B ii:47 AMt idHuS 28 AUG., 19ED

5331 :SINGL:IST
43332 GO TO 685
3333 660 RHU,4=V(LE)!
3334 IALPHA=99
0,3S iRITE(LU 670)LlNE(US),RNUI
4436 1670 FORMAT(R.I CW:,F,)
43337 O TO 8150
03:3 o68 IFUNLIiST),NE,26440B)GO TO 681
M3? IST=IST+i
5340 Nf'GVAR:T'7
43341 G0 TO 6403
'342 681 Ir(LINE(IST) .67s. 3040B)LDuP-= '7
3343 685 NU(ALPHA.EQ.999)GO TO 730
,3344 690 6RITE(LU,700)
1345 700 FORNAT0 WHAT??'

w 4346 IF(IE-RR.EQ.777)GO TO 711
J347 100R777

4,348 GO TO 90
0349 71 4RITE(LU,720)r
0356 720 ?-ORMAT(* !TYIFE $LI FOR LIST OF FUNCTIONS, '91" TO END)')
1351 GuO TO SO
03:11 73 7040 Lzi ,.0
.~ 740 !UHAT(L)=LiN(.

-j~;4 07SJ 6 '43
o"'ili iWHATF(L):KNFU(! 1

33S7 JITE(LU,760)
0A.. 76 FORMIAT(* ,HAT -SI
t359 tRITE(LU,77G)(IHAT(L!Lz:LST,ft:4

J.',4 770 FRMAT(Ai.1 *
~361 4RT(U71
i32 % FUMtAT(" ?*/' 71)
1)367 SWTC~z I
0364 IALPNA=J

3365 iHASSL=I;'

N68790 GOSIN,'7G TO 850
336? iF(L.LE.R( L.L)EQ.9.ANDI (ISD.Q2648)G T 2
0376 WRIMITU8
0377 e i UM" UDR~STO AYD T'

a378 GO TO BS

0379 820 4O830 1 1.5
0380 838 IPACK(L)=200403
0381 CALL CODE
0382 iRiTE(IPACK,840)(LINECL),Lz.iST,IM)
0383 840 FORfAT(l0Ab
0384 .ALL CODE
3385 READ(IPACK ,$RNUM
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f';GE N&je CALQ8 li:47 .0~ 14t., 28 AUG. 19JO

3386 850 :mF(KSNFU(J).E,30)G3 Ta '40J
037 IF(KSIhFi(j) .r-2,RN~ZiSRU

)388 WV(KSONFU(J)),LT.7"OR.KSQNFU(J)Gi8)GO) TO 920
^3 7IR.iE.97.'O TO 90J

J390 iDI&77-
3Th 4RIT E L860)

3392 Fa~~~Ti ORMAT FOR iRIUJ U*NCTIONS T0 KE .N DEGREES OP 11.4
0394 RADIANS?/ (PLEASE NOTE THAT 7URAAT CAN 8E C34AGED AT

069 880 FO;JAT(' B4Y LNTER.OG IDES' CR ,ADl) 8)
4397 READWLU~a40L
0'758 390 FOROfAT(Al)
0399 IHfL-EQ.5tQ40B)IDR=881

04 0 !F(uDR,E.G88,AND.,.NE.42040B)G' TO 37t

402 +.GR..SFU()Gi8)GO TO 910
0403 £~~~~l.2 i3)ST-N~2
5404 1;:iKNFU(J).GE~ibAND.KSNFU(j),L.'i)RNUH=1,/4JUO
0405

146 117 S~J,)E.1C.SF()E ,7RU=TNXR.M
040-i KSFQ,*lj.RKNF() ,2lNMAA(NM

F(IDR.EQ.' 7' ,RNUitzRlNU/0. 3i4S.2 "
040 ~ j G 0i 930

041)
3414 Ko T :-KSNFU(J)E.?00a(KSNFU(J;.GE13,AND

4 4
0417l'KNuJ E.2)AE~7~B.
0418

34V NKSNFU( 5),G23, ANDKSNFU(J7 LE.25 ) RNUM:BAEWt~UM
3421 'F(RNUN.LT.Q.3))GO TO 69C
042, £'F(KSNFU(j),EG.6.RNU1-S&RT %NUMi,
,,422 "RU.~t,)~ TO 690
0423 :rKsNFu(:),EQ,2i,OR.KSNFU(J),E,6)NUMzLG(NUM)
0424 U:(KSNFU(J) ,EQ,2.6)RNUMsRNUM/ALO;(3ASEi
IM2 -iF(KENFU(J) ,,Q.226)RNUNzALOG'T(RNUO)
J426 930 KSNFUJQ:=9
3427 ?40 i F(IFACTO,IiE,77)GO TO N6
0428 1 cACTO:888
042? ;SQXP=:77
3430 .7:j
0431 D0750 ..:i,VOUt
G432 9S0 F--VIL
0433 x h U M uF
3434 GO ro 190
0435 9SS WRITE(LU,956)RNUM
0436 T',4 F0RIAT(l NUMnBER Ta0 TAE POWER CF F9.4' LANCT ifE NEGATIVEO)
0437 GO TO 90
0430 h4Q 7KIP=888
3439 IF(EXP(;),LT.A-M98))GO TO C.5
0440 z
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?4E O9 CALQ8 1147X Am THU., 28 ROG., IM3

3441 Ir'(EXP(J).GE,3)GQ TO 964

344 7 F4AllINAUM)ANUM~)GO TO 57
0444 IF(Aliff(RHUM/2) AME. (RNUII2) ):--
0445 c04 RNUM=LSEX?(J)9xRAUM
3446 96S ;xFQJ)=-9999
0447 1 i AEXPFL(J,,NE,777)GO TO 970
')448 IEXPFU(J)=886
0449 E?)RU
04'50 Ir(INYEXP(J).Ei.,77)KSNWU(J)=30
451 :NvEXP(Jj:888

3452 3TO lag
04'13 771 1FADIV(J),Q,0. D.MLDIV2Q),&c9,0)G T'W 980
3454 IF(OLDV2(J) .EQ.Z)RNUM=RNO(J)*RNUM
5455 iF(ILDI'V2(J) .E .4)RNURM4O(j)/RNUM
04S6 MLDIV2(1):IiLD-V(j)
941:7 I-F(MLDIV2(;).[Q,0)GO TO 980
A458 MLDIV(J)=Q
045? NO(DzNUM~
3460 A TO 00

9u' 80 .1F(XADSB2(J).EQ.0)AMS(J)=RNUM
3462 IF(KADSB2(J,EQiANS(J:zANS(J+RNLI

0464 KADS32(J):KADSB(J,
J465 1F KADSB2(J),Ei.9;)GO TG 1090
3466 MXADSUMM).EA9)GO TO 180
9467 IFJ.EQ.I)GO 101060
0468 RNUMi=ANS(J)
0469 =-
0470 IFiLOGFU( ').UO.777)G TO 1040
3471 IF(LOGFU(J).EQ.666)GO TO 1030
3472 F(J.ER.IALPHA)GO TO0 1060
04*,3 LSKIP:=777
047'4 GO TO 190
W42S 1000 IzISWTtCH
0476 i2:IHASSL
G4?7 1AL0WA9
0478 ;F;NEGVAR .Ei,77)RNUl:-RUM
W49 NEdVAR888
0480 A1100O Lzi ig
0481 101 LIRE(L)zIWHhT(L)'
0482 MIJ20 Lzt,10
0403 1626 XSNVU(L):KWHATF(L)
0484 1F(IcINGL,EQ,7)GO TO 850
A48 LE:(LIME(ISI~iGL)-i64i6/2S6
0486 i5INGLz7
048V V(ME):wNU
m48 !'(LE)s77

04w Go 1O sO
049 1 03q KStfU(J)z25
0491 GO ?0 1is0
0492 1043 KSNFU(3):26
0493 -PNU,4.T.0)GQ 10 1550
0494 AITE(LU,1045)R.
5495 A045 .:ORPAT(1X,F7.4,' AS LOG B'ASE :3 NOT POSITIVE"
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A5N GJ TO 1110
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